Colon cancer is a malignancy where outcomes are strongly related to the stage of disease on presentation. Timely detection leads to 5-year survival rates that can be as high as 97.4% for early stage disease. 1 Conversely, late detection with widespread metastatic disease can lower this survival rate to 8.1% at 5 years. 2 Screening initiatives are currently being assessed and implemented worldwide to lower the disease burden and to stimulate early detection. 3 On the other side of the spectrum, research has also focused on factors that predict delayed presentation, worse staging at baseline, and thus poorer outcomes. Emerging evidence has already shown that certain symptoms on presentation predict advanced disease and poorer outcomes. 4 Higher risk of advanced disease on presentation has also been identified in certain demographic groups, including underprivileged socioeconomic groups, 5 and especially ethnic minorities. 6, 7 Intuitively, emergency presentation is expected to be an unequivocally poor prognostic factor in patients with colon cancer, as the symptoms that lead patients to present at an emergency department (ED), including intestinal bleeding, perforation, or obstruction, are usually attributable to advanced disease. This article analyzes colon cancer patients who are admitted after emergency presentation and eventually undergo surgical resection for colon cancer. It assesses the magnitude of the effects associated with emergency presentation on staging, surgical stay, and cancer-related outcomes.
Methods

Patient population
All colon cancer patients surgically treated at Massachusetts General Hospital in the 2004 to 2011 timespan were included for analysis. Data on all cases were collected from prospectively maintained internal data repositories or accrued from patient records under an institutional review board-approved protocol.
Definitions and objectives
Emergency presentation is defined as presentation or referral to our center through the ED with symptoms and clinical findings requiring admission and urgent surgical treatment within the index admission. All cases had a working diagnosis of colon cancer, or at least colonic malignancy as part of the differential diagnosis before operation, which was in all cases followed by subsequent confirmation of malignancy through surgical pathology. Cases where the presence of colonic adenocarcinoma was never confirmed pathologically were not part of the included sample.
Differences between emergency admissions and the remainder of patients were assessed on 4 main levels: presentation characteristics, surgical pathology, surgical stay outcomes, and long-term outcomes. Presentation characteristics included general demographics (age, sex, ethnicity), lifestyle (alcohol and tobacco consumption, body habitus), comorbidity (expressed through a colon canceradjusted Charlson comorbidity score as well as type 2 diabetes, separately), and finally symptoms present at baseline presentation. The pathological characteristics compared included the TNM classification, as well as pathological characteristics with prognostic significance. Poor prognostic factors compared included positive resection margins (expressed as R+), tumor grade (expressed as high-grade disease), extramural vascular invasion (EMVI), 8 perineural invasion, 9 infiltrating tumor border configuration 10 and absence of peritumoral lymphocytic response. 11 Inpatient characteristics which were analyzed included surgical duration, rates of laparoscopic surgery and conversion to open surgery, rates of multivisceral resection, and characteristics of the surgical admission including length of stay, rates of major surgical complications, and 30-day rates of readmission, reoperation, and death. Finally, the long-term outcomes compared were the need for postoperative chemotherapy as well as survival and disease-free survival, both expressed as duration and dichotomized as death, colon cancer-related death, overall metastatic disease, and metastatic recurrence. These end outcomes were also analyzed in multivariate models controlling for any significant covariates encountered during baseline analysis, as well as staging, expressed in the American Joint Committee on Cancer (AJCC) 7th edition classification (i.e., subdividing disease in stages 0, I, IIA, IIB, IIC, IIIA, IIIB, IIIC, and IV) 12
Statistical analysis
A 2-tailed P value below 0.05 was considered statistically significant. We compared dichotomous outcomes among emergency and elective patients using the chi-square test and a relative risk (RR) calculation, while a 1-way analysis of variance or a univariate linear regression, with the unstandardized B regression coefficient as a point estimate, was used for continuous outcomes. Multivariate analysis was performed to control the findings for any potentially significant confounders found during univariate analysis. The Cox proportional hazards model was used for time-related outcomes, while binary logistic regression was used for dichotomous outcomes.
Results
We included 1,071 patients, of whom 102 were emergency admissions, 83 of which came directly from our ED.
Baseline characteristics
Baseline characteristics are displayed in Table 1 . There were nonsignificant differences in general characteristics, with patients with emergency presentation being slightly older, with lower body mass index, more ethnic minority patients, and a relative overrepresentation of women. Emergency patients had lower but nonsignificant rates of polyposis, a previous history of colorectal carcinoma, and inflammatory bowel disease and otherwise comparable rates of type 2 diabetes and overall comorbidity burden. There were no differences in regards to a history of smoking, but emergency presentations had higher rates of current smokers (17.6% vs. 11.4%; P=0.062) and a history of alcohol abuse (12.7% vs. 7.4%; P=0.059).
Patients diagnosed and treated in an emergency setting have different symptomatology on presentation than those treated electively. Most notably, patients presented to the emergency room (ER) with higher rates of abdominal pain or bloating (56.9% vs. 24.5%; P<0.001) and constipation (13.7% vs. 5.3%; P<0.001). In addition, unsurprisingly, ER patients presented with higher rates of intestinal obstruction (30.4% vs. 2.7%; P<0.001), perforation (15.7% vs. 0.8%; P<0.001), and bleeding (15.7% vs. 1.4%; P <0.001). These severe symptoms were also sporadically present in elective cases, which were either admitted in a subacute setting or had the symptoms incidentally detected during the baseline workup of their elective admission.
The advanced symptomatology of urgent cases is echoed by a more than doubled rate of perioperative metastatic disease, with 28.4% of emergency admissions having metastatic disease established within 30 days of admission, compared with 13.3% in other patients (RR=2.13, 95% CI: 1.51-3.02; P<0.001). 
Multivariate analysis
Comments
The aim of this study was to verify whether patients diagnosed with colon cancer in an emergency setting with admission and subsequent surgical treatment differed in presentation characteristics and had more advanced staging and worse outcomes, both during and after surgical admission.
The current literature supporting this hypothesis is scarce and crippled by applicability issues for the current colon cancer population. Some papers have produced valid points that echo the intuitive assumptions many clinicians have on the topic, but many of the papers laying the foundation for this work are outdated as they are from the prescreening era: a 1995 study by Scott In a more recent work, a British pilot study indicated a dramatic decrease in emergency admissions for colorectal cancer by virtue of fecal occult blood test screening, 16 although later reports of a local study in Canada 17 and an audit in England 18 showed that rates of emergency admissions for colon cancer remained alarmingly high, despite both areas providing universal health care with a colorectal screening program. A second issue that makes the findings of previous work hard to interpret specifically for colon cancer is the lack of differentiation that all but 2 14, 15 of the discussed articles make between colon and rectal disease -an issue shared with many publications on the matter. [19] [20] [21] Malignancies of the colon and rectum have been shown to be quite different in tumor biology 22 and subsequent prognosis 23 and arguments to split both are a recurring issue in outcome studies. 24 Our work is therefore the first to review a large cohort of colon cancer-specific patients in a single center. This population also has the heterogeneous composition of a large urban public hospital in the screening era, with on one side of the spectrum a significant portion benefitting from early detection through screening 25 and on the other side patients who present through the ED and require emergency admission and surgery. We aimed to provide a comprehensive overview of the impact of these emergency presentations on all aspects of their subsequent care, including the course of the index admission, pathological characteristics, and both short-and long-term outcomes.
We found that patients admitted in an emergency setting largely had the same general characteristics as the remainder of the population, except for having a slightly worse lifestyle. These patients did of course present with far higher rates of symptoms that are prodromal of complicated and advanced disease, likely contributing to longer surgeries, higher complication rates, and a longer surgical stay. Surgical pathology subsequently showed far more advanced and aggressive disease on pathology, which in the long term led to shorter survival and diseasefree survival, which was not identified in previous studies using smaller populations. 19, 26 This difference in long-term out-comes was significant and of considerable magnitude.
Our findings show that emergency presentation predicts more advanced disease and far worse outcomes, even after adjusting for staging at diagnosis. The detailed pathological characteristics of tumors of emergency admission patients hint at a possible explanation for this stage-independent disparity. Aside from classical TNM staging, many histopathological indicators of aggressive tumor behavior were far more common in emergency presentation patients. These included high-grade disease, lymphovascular and perineural invasion, transmural growth, and margin positivity; all these factors are likely to shorten the time interval between onset of disease and appearance of (serious) symptoms, and are independent predictors of poor out-comes in their own right.
Another potential explanation lies in the baseline lifestyle characteristics: emergency presentations had higher smoking and alcohol abuse rates. Aside from intrinsically adding even more risk and disease burden, these characteristics are also associated with low socioeconomic status, 27,28 low health literacy, 29 and poor access to health care, 30 which may explain in part why emergency presentations come with more serious disease: for these underprivileged patients, often reluctant to seek medical attention until their symptoms become too severe to ignore, the ED is often the primary presentation site. In that sense, it is hardly a surprise to see these patients with both more advanced and more aggressive disease.
Conclusion
An ED presentation is related to a multifactorial high-risk profile, making it a stage-independent prognostic factor. The longer surgeries, surgical stays, and Emergency Presentation for Colon Cancer Surgery higher readmission rates means these emergency presentations will also lead to significantly higher healthcare costs. Previously published literature confirms the higher cost of an emergency admission for colon cancer surgery, both inside 31 and outside the United States. 32 Considering the more advanced disease and the stage-independent disadvantage in outcomes and its implications for the chance of cure and need for adjuvant treatment and more intensive follow-up and surveillance, the costs are likely to remain higher in this patient population long after discharge.
This provides yet another strong argument for preventive care and screening to detect disease early, especially when cost-effectiveness of screening initiatives is at the heart of the discussion. The ER provides an excellent starting point to find those patient groups who have the biggest potential for improvement and who carry the greatest challenges to achieve equal outcomes.
